
Controlling the transmitting power represents an important feature in mobile radio 
systems in order to prevent possible interference between individual connections. Preventing 
interference between connections improves the capacity and quality of the connections and 
allows the mean transmitting power to be reduced. Thus, the transmission power may be 
5 ideally adapted to the transmission requirements, and losses through the transmission 
channels may be at least partially compensated for. 

For the purpose of controlling the transmitting power in a mobile radio system, the 
signal transmitted by a transmitter is evaluated at the receiver. Power control information is 
generated based on the power of the received signal and is transmitted back to the transmitter. 
O 10 The transmitter may then adjust the transmitting power as necessary in accordance with the 
received power control information. The received level and/or the received quality of the 
transmitted signal can be measured by the receiver and values associated with the received 
level and/or quality may be transmitted to the transmitter. The transmitter correspondingly 
Cj corrects the transmitting power in dependence on the received values. This approach is used, 

™ 15 for example, in Global System for Mobile Communications (GMB) mobile radio systems. 
^ Altematively, the receiver itself can be adapted to generate nominal values or adjustment 

m commands for adjusting the transmitting power in dependence on the measured level of the 

n received transmit signal. The receiver may then transmit these nominal values or adjustment 

commands to the transmitter which then adjusts the transmitting power accordingly. This 
20 approach is used, for example, in Code Division Multiple Access (CDMA) mobile radio 
systems and, in particular, is provided in accordance with the current state of Universal 
Mobile Telecommunication System (UMTS) standardization for UMTS mobile radio systems 
which are to be operated in accordance with a Wideband Code Division Multiple Access 
(WCDMA) method. In each approach, the power of the transmitter is always controlled in a 
25 manner that takes into consideration the current properties of the transmission channel. In 

each case, the power needed for satisfactory transmission arrives at the receiver as accurately 
as possible in spite of fading effects. 

However, employing this method, the transmitter can only react to the measurements 
of the receiver. The inherent delay in waiting for the power information feedback signal from 
30 the receiver leads to a degradation of the transmission characteristic of the mobile radio 
system. This is especially true at higher speeds of the receiver. 
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One proposal for solving this problem for CDMA mobile radio systems has been to 
reduce the response time or delay in the power control signal to as short a time as possible. 
This can be achieved by employing a high frequency a power control signal, having a 
frequency that is as high as possible within the mobile radio system, and clever interleaving 
of the timeslots of the uplink and downlink connections. In ftirtherance of this proposed 
solution, it has been proposed to shift the frame structure of the uplink connection (the 
connection from the mobile station to the base station) by 250 |lis with respect to the frame 
structure of the downlink connection (the connection from the base station to the mobile 
station) in order to provide for transmission of the transmitting power control information 
signal with a time delay of only one timeslot if the symbol transmission rate of the downlink 
connection is higher than 16 ksps. This proposal is described, for example, in ARIB, 
Volume 3, Specification of Air Interface for 3G Mobile System, Version 0.5, Section 3,2.2.1. 

However, the procedure described above places a premium on the accurate 
measurement of the chaimel impulse response of the corresponding transmission channel. 
This is essential for assessing the behavior and state of the transmission channel since signal 

: distortion can occur due to certain operating conditions. Such signal distortion renders 
information transmission impossible in the most extreme cases. Therefore, in mobile radio 
systems the current channel impulse response is measured in the receiver so that if signal 

\ distortion is fotmd, the distortion may be subsequently corrected if necessary, using 

' corresponding equalizers. 

SUMMARY OF THE INVENTION 

The present invention provides a method for locating a vehicle as well as a system for 
doing the same. According to the method of the invention, position data are determined by a 
positioning device at the vehicle. Once the position data are determined, they are transferred 
to a mobile radio terminal, where they may be displayed in a variety of different formats. 

In light of the preceding background, an object of the present invention is to create an 
improved method of controlling the transmitting power in a mobile radio system. The 
present invention ftirther provides a corresponding mobile radio system which eliminates the 
influence of delays in the power control system as completely as possible. 

According to an embodiment of the invention, a method for controlling the 
transmitting power in a mobile radio system is provided. According to the power control 
system of the mobile radio system, a signal transmitted by a transmitter is received by a 
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receiver via a transmission channel of the mobile radio system. The signal received by the 
receiver is evaluated and a power control information item is generated in dependence on the 
evaluation of the received signal. The power control information item is then transmitted to 
the transmitter. The power of the signal transmitted by the transmitter is then adjusted based 
on the result of the estimation of the behavior of the transmission channel. Finally, a step is 
performed in which a power control information item is generated based on the estimated 
necessary transmission power, and is transmitted to the transmitter. 

Thus, according to the invention, the behavior of the transmission channel is 
estimated and the necessary transmitting power is estimated based on the estimated channel 
behavior. The power control information to be transmitted to the transmitter can then be 
generated on the basis of the estimated necessary transmitting power. 

The step of estimating the behavior of the transmission channel involves estimating 
the behavior of the chaimel over time, as well as predicting a future state of the transmission 
channel. Thus, the transmitting power needed in the future can be calculated based on the 
estimated behavior and state of the transmission channel. In contrast to the known state of 
the art, the power control information which represents the basis for adjusting the 
transmitting power of the transmitter is not based on the instantaneous measured value of the 
received level or of the received quality of the transmit signal but on the above-described 
prediction of the channel state and the transmitting power needed in futxire. In this manner, 
the influence of delays can be eliminated in the control of the transmitting power if the 
behavior of the transmission channel can be predicted with sufficient accuracy. The behavior 
of the channel state can be estimated, for example, via the channel impulse response. 

The method of determining power control information of the present invention can be 
combined with other methods for determining power control information and the proportion 
of the power control information determined according to the method of the present invention 
to be transmitted to the transmitter may be reduced or completely eliminated with increasing 
speed of the receiver or, respectively, the mobile station, since accurate estimates become 
ever more difficult with increasing speeds. 

In addition to a method for controlling transmitting power in a mobile radio system, 
the present invention further provides a mobile radio system having a transmitting power 
control feature. The mobile radio system includes a transmitter and a receiver. The receiver 
receives a signal from the transmitter via a transmission channel of the mobile radio system. 



The receiver is adapted to evaluate the received signal and generate a power control 
information item in dependence thereon. The receiver if fiirther adapted to transmit the 
power control information item to the transmitter. The transmitter, in turn, is constructed in 
a maimer such that it adjusts the transmitting power of the transmitted signal in dependence 
on the power control information received from the receiver. The receiver generates the 
power control information item by first estimating the behavior of the transmission channel 
based on the received signal transmitted from the transmitter, and determines the necessary 
transmitting power based on the result of the estimated behavior of the transmission channel. 
The receiver further generates and transmits the power control information item to the 
transmitter. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a diagram explaining the principle forming the basis of the present invention; 
Fig. 2 is a diagram of a mobile radio system; and 

Fig. 3 is a representation of the frame and timeslot pattern for a so-called downlink 
connection according to the current state of UMTS standardization. 

DKTATT.E D DESCRIPTION OF THE INVENTION 

Fig. 2 shows the communication links between a base station 1 and a mobile radio 
station 2 of a mobile radio system. A connection from the base station 1 to the mobile part 2 
is called the downlink or forward link connection and a connection from the mobile part 2 to 
the base station 1 is called the uplink or reverse link connection. To control the power of the 
downlink, the respective received signal is evaluated in the mobile station 2 and, depending 
on the result of the evaluation, a power control information item is generated by the mobile 
station 2 and sent back to the base station 1 so that the base station 1 can correspondingly 
adjust the transmitting power of the downlink. To control the uplink, the received signal is 
evaluated in the base station 1, where the power control information is generated and the 
mobile station 2 is instructed for power matching. 

The power information item is transmitted in dependence on the respective mobile 
radio system linking with a predetermined frame structure. 

Figure 3 shows the frame and timeslot structure for a downlink connection via a 
UMTS mobile radio channel, also called DPCH (Dedicated Physical Channel). The present 
invention is preferably applied to corresponding UMTS mobile radio systems. The frame 
structure with a period of 720 ms includes, in particular, 72 identically structured frames 3 



having with a frame period of 10 ms. Each frame, in tum, includes 16 timeslots 4. Each 
timeslot has a period of 0.625 ms. Each timeslot 4 comprises bit infomiation which is 
divided into a logical control channel known as a Dedicated Physical Control Channel 
(DPCC) and a logical data channel Dedicated Physical Data Channel (DPDC). The bits of 
the DPCCH section form a pilot bit sequence 5 and so called Transmitter Power Control 
(TPC) controlled bits 6 and Transmitter Format Identifier (TFI) control bits 7. The DPDCH 
section forms the user data bits 8. The structure shown in figure 3 can be found, for example, 
in the document ETSI STC SMG2 UMTS - LI: Tdoc SMG2 UMTS-Ll 221/98. 

The pilot bit sequence 5 is used for estimating the channel impulse response during a 
so called training sequence, as already mentioned above, and corresponds to a known bit 
pattem. If the pilot bit sequence is called s(t), the channel impulse response h(t) and the 
received signal or, respectively, the training sequence is called r(t), the following relationship 
holds true: 

r(t) = s(t)*h(t). 

The receiver can thus determine or estimate the channel impulse response h(t) of the 
mobile radio channel by comparing the received signal r(t) with the known pilot bit sequence 
s(t). The signal-matched filters, for example, may be used for this purpose to calculate the 
channel impulse response h(t) by calculating the correlation between the received signal r(t) 
and the pilot bit sequence s(t). 

The TPC bits 6 comprise the power control information. In UMTS mobile radio 
systems the received signal is evaluated and compared with predetermined quality 
requirements or reference values in the receiver. Depending on this comparison, the receiver 
generates a control command and transmits the control command to the transmitter via the 
TPC bit field in order to instruct the transmitter to correspondingly adapt the transmitting 
power. 

In the text which follows, the principle forming the basis of the present invention is 
explained with reference to Fig. 1 . 

The time response or state of the transmission channel is predicted in order to be able 
to estimate the transmitting power needed in fiiture based on the predicted fixture state of the 
transmission channel. The behavior of the transmission channel can be assessed via the 
channel impulse response. 



In the representation shown in Fig. 1 it will be assumed that, at the moment, the 
transmitting power for timeslot n is to be determined in order to be able to transmit a 
corresponding power control command to the transmitter. The values of the channel impulse 
responses, measured by means of the pilot bit sequences 5 transmitted in the respective 
times lots for timeslots n-2 and n-1, and the values F^,2 P^,!, respectively, for the 
transmitting power determined for these timeslots are known in the receiver such that the 
receiver can extrapolate the future channel state or the transmitting power needed for 
timeslot n in the future on the basis of these known values. This extrapolation is indicated by 
a dashed line in Fig. 1. The extrapolated power value P„ forms the basis for the receiver 
controlling the transmitting power, by forming the basis for the power control information 6 
which the receiver transmits to the transmitter. 

Thus, variation of the fast fading may predicted as far as possible, assuming, as a rule, 
Rayleigh fading. When so called rake receivers are used, the prediction is performed for 
every rake finger. In rake receivers, the received signal is processed in a number of paths, the 
so called rake fingers. Each of these rake fingers is adjusted with optimized phase angle to a 
multi-path signal in order to achieve an increasing gain with the presence of multipath signals 
which arrive at the receiving antenna with different propagation delay. Deep fading dips 
occur whenever the channel impulse response exhibits an (approximate) zero transmission for 
( all or at least the dominant paths. This circumstance can be reliably predicted if both the 
intervals of the estimation of the channel impulse response and the period of prediction are 
selected to be shorter than the so called coherence time of the transmission channel, in order 

. to provide for reasonable data detection. The period of prediction is shorter than the 
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coherence time of the transmission channel at least at low to medium speeds of the mobile 
station 2. . 

As shown in Fig. 1 , the previously measured channel impulse response can be linearly 
extrapolated for predicting the transmitting power needed in future. Naturally, however, 
other approaches are also conceivable. 

When the mobile station 2 is moving at high speeds, it can be difficult to accurately 
and reliably predict the future behavior of the transmission channel and the transmitting 
power needed in future. For this reason, an aspect of the present invention is to combine the 
principle of estimating the behavior of the transmitting channel and predicting the necessary 
transmission power according to the invention with other power control principles. The 




power control information can be determined according to these combined principles and the 
proportion of the prediction that can be ascribed to the principles that form the basis of the 
present invention for determining the power control information that is sent from the receiver 
to the transmitter can be reduced or completely eliminated based on the characteristic 
5 behavior of the transmission channel, such as when the mobile station 2 is traveling at higher 
speeds. 

By combining power control principals, the method according to the present invention 
can be used only when the mobile station 2 is traveling in a particular speed range which is 
not too high, while at other times the power control information 6 may be conventionally 
Q 10 determined by means of the instantaneously measured level of the received signal since the 
conventional non-predictive power control method is quite adequate for satisfactory control 
rl' of the transmitting power, for example at low speeds of the mobile station 2. 

=P However, it is particularly advantageous if the switching between the power control 

Sj method of the present invention and altemative methods for determining the power control 

f-^ 15 information is not "hard" but "soft" or gradual. Thus, the nominal value used for the 

transmitting power in a certain speed range can be, for example, a value which is composed 
Lq of 70% of the current measured value of the received power and 30% of the value predicted 

La according to the invention. In other words, the nominal value for the transmitting power may 

be based on a weighting of various values which have been determined in different ways, one 
20 of these values having been determined according to the invention. In this case, it can be said 
that the received power and the nominal transmitting power derived therefrom are not 
calculated in advance by one timeslot 4 but by a fraction a of a timeslot, a representing a 
correction factor and reflecting the reliability of the prediction. The correction factor a can 
have values between 0 and 1 and is 0.3 in the example described above. 
25 In the above description, it has been assumed that the behavior or the state of the 

transmission channel is predicted by estimating the channel impulse response. Alternatively, 
it is also possible to predict the so called carrier/interferer ratio C/I in order to derive the 
transmitting power needed in fixture therefrom. Similarly, it is also possible to predict only 
the component C (corresponding to the carrier signal) or the component I (corresponding to 
30 the interference) in order to estimate the transmitting power needed in fixture. 
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